Summary.-The inhibitory effect of the protease inhibitor aprotinin (Trasylol) on the invasion of mouse kidney explants by polyoma virus transformed BHK21 cells was investigated using a mixed cell/organ culture technique. The extent of invasion was monitored by following the changes in LDH isoenzyme pattern in the explants and by histological assessment. The kidney explants containing aprotinin were found to maintain a normal kidney LDH pattern and to suffer considerably less invasion than the explants not containing the drug. These results support the idea that proteolytic enzymes are associated with invasion and that inhibitors of protease activity could possibly be useful in the management of clinical cancer.
THE notion that the ability of malignant tumours to invade and destroy normal tissues may be associated with their capacity to produce proteolytic enzymes has been held for some time but firm experimental evidence to support this association has not yet been established. However, there is considerable evidence that proteolytic enzymes are present in animal neoplasms (Ottoson and Sylven, 1960) and that collagenolytic enzymes occur in many human tumours (Taylor, Levy and Simpson, 1970; Dresden, Heilman and Schmidt, 1972; Yamanishi, Dabbous and Hashimoto, 1972) . Also, trypsin has been shown to encourage the invasion of malignant cells into foetal tissues in in vitro systems (Yarnell and Ambrose, 1969) .
To test the hypothesis further, we decided to study the ability of malignant cells to invade tissue explants containing an inhibitor of proteolytic activity using an established in vitro system (Latner, Longstaff and Lunn, 1971) .
MATERIALS AND METHODS
The invasion of mouse (Bar Harbor strain 129) kidney cortex explants by polvoma virus transformed hamster kidney cells (BHK21/C13/Py, Macpherson and Stoker, 1962) was investigated using the mixed cell/ organ culture technique developed by Latner et al. (1971) . Monolayers of cells were grown in the filter wells of the apparatus and kidney explants cultured above them. After 7 days in culture. the kidney explants were removed and examined.
The bh oad spectrum protease inhibitor aprotinin (Trasylol, Bayer) was selected for study because it is known to accunmulate rapidly in the renal tissues when admiinistered intravenously (Haberland, 1967 (Latner et al., 1971) .
The percentage M sub-unit contribution to the LDH isoenzyme patterns of the cultured explants was estimated quantitatively following vertical starch gel electrophoresis by reflectance densitometry according to the method of Latner and Turner (1967) .
In experiments in which the LDH patterns were determined, half the number of explants in each filter well were selected at random and used for enzyme extraction. The remaining explants in these experiments were fixed in Carnoy's fluid, sectioned at 6 ,um thickness, stained with haematoxylin and eosin and examined microscopically. The invading cells were readily recognized.
In 2 further experiments in which the LDH patterns were not determined, all the explants were used for quantitative histological assessment. In these studies the extent of invasion was estimated by preparing serial sections of the explants and projecting the image of every tenth section on to Whatman chromatography paper grade 3MM, drawing round the whole section and its invaded area and weighing the cut out areas representing the whole sections and then those corresponding to 31 invaded areas. The resulting numerical populations from control and test groups were analysed using the non-parametric statistical technique of Mann and Whitney as described by Campbell (1967 for invaded explants were found to be 51-7 ± 11.5%. The increases were found to be statistically significant (P < 0-01) and Py cell invasion was confirmed histologically in each trial. The relatively large " within group " variation in these estimations has been found to be due almost entirely to the inherent variation between electrophoresis gels. The variation in estimates of sub-unit composition of similar samples on the same electrophoresis gel (i.e. the " within gels " variation) has been shown to be relatively small (a standard deviation of less than 2% is readily obtainable) and consequently paired control and test estimations were always made on the same gel. In the two experiments concerned with the LDH estimations of aprotinin-primed explants, the 2 test and 2 control materials were all subjected to electrophoresis on the same gel. The changes in percentage M contribution that were detectedwhen theexplants were challenged by Py cells fell inside the expected " within gel " variation and relatively little invasion could be detected histologically. (Yasin and Goldenberg, 1966 (Sefton and Rubin, 1970) . Cell division and escape from contact inhibition of growth has been demonstrated when certain proteolytic enzymes were added to confluent cultures of nonmalignant mouse fibroblasts in amounts too small to produce detachment (Burger, 1970) . Conversely, inhibitors of proteolytic activity have been found to inhibit promotion by croton oil or phorbol ester of tumorigenesis in mouse skin initiated by dimethylbenzanthracene (Troll, Klassen and Janoff, 1970 (Goetz, Weinstein and Roberts, 1972) .
Bearing all this information in mind, it would seem reasonable to postulate that one of the biochemical prerequisities of an invasive tumour could be the ability to secrete proteolytic enzymes which could break down the intercellular matrix of the host tissues and facilitate the mechanical invasion of the tumour cells as well as aid in their supply of nutrient.
WThatever the mechanisms are that are involved, the results reported here could indicate the possible effectiveness of protease inhibitors in the chemotherapy of invasive tumours.
